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contracting during atrial systole 6 ; however, it was not excised and examined.
Clinical signs in this foal were complicated by the chronic right tibiotarsal arthritis and streptococcal septicemia. Inflammation and bacterial colonization of the epicardial surface of the atrial diverticulum may have been secondary to damage caused by friction against the taut, overlying pericardial sac. There was no evidence of valvular endocarditis, as might have been expected given the hypothesized regurgitation of blood through the tricuspid valves and consequent predisposition to endothelial disruption. The clinical severity of cardiac dysfunction was not determined; centrilobular congestion of the liver did indicate right-sided heart failure. The severe joint lesion limited the mobility of the foal for several months, which may have prolonged survival. This is the first report of a giant right atrial diverticulum in a nonhuman species and should be included as a differential diagnosis for congenital cardiac malformation in foals.
Abstract. Cryptococcosis was diagnosed in a 17-year-old male llama that had been euthanatized following an acute onset of neurologic disease. Tissues affected included the brain, spinal cord, lung, and kidney. The character of the leukocytic response varied from minimal to pyogranulomatous. Cryptococcosis has not been previously reported in a llama, although the infection has been described in 2 other species of New World camelids. The pathogenesis of cryptococcosis is briefly reviewed.
Cryptococcus neoformans is a fungal pathogen known to infect a wide variety of mammals, including man. 1, 4, 6 Various other cryptococcal species exist, but these organisms rarely cause disease. 8 Cryptococcus neoformans is found in soils worldwide, although the 4 recognized serotypes of the fungus may inhabit slightly different ecological niches. 4 Cryptococcus neoformans var. neoformans (serotypes A and D) is often associated with bird droppings, while C. neoformans var. gatti (serotypes B and C) has been linked to decaying trees and plant vegetation. 4 Cryptococcosis in humans occurs mainly in immunocompromised individuals, and 95% of cases involve the central nervous system (CNS). 1 In approximately one half of these cases, concurrent lesions are present in the respiratory system, the usual portal of entry for the infection. 1 This case report describes cryptococcal infection of multiple tissues in a llama.
A pastured 17-year-old male llama, found in lateral recumbency, was undergoing continuous tonic clonic convulsions of all limbs with periodic spasms of the head and neck. The animal was hypothermic and unresponsive to stimuli. A complete neurologic examination could not be performed due to the clinical status of the animal. The llama was in good body condition with no history of serious health problems and no known exposure to toxins. The owners had noted this llama to be mildly anorexic during the preceding 3 days but had not attempted any therapy. A health program for the 16 animals on the premises included periodic deworming, vaccination, and health checks. Differential diagnoses at the time of presentation included various neurologic diseases such as trauma, organophosphate toxicity, hypomagnesemia, visceral larval migrans, equine herpes virus type 1 (EHV1) encephalomyelitis, rabies, and bacterial infections of the CNS such as listeriosis or brain abscessation. 7 After considering the prognosis, the owner requested that the llama be euthanatized without further clinical work-up. The animal was necropsied at the Oregon State Veterinary Diagnostic Laboratory, Corvallis, Oregon. Gross findings included excessive fat stores despite severe dental attrition. A 3-cm-diameter necrotic lipoma was located in the splenic mesentery, and there were several shallow ulcers in the mucosa of the third gastric compartment. A few 3-5-mm-diameter tan foci were visible on the hepatic capsule but were not observed in deeper sections of this congested organ. Several 1-2-mm tan granulomas were visible in the renal cortices. A 1-cm-diameter solid, firm, brown nodule located in the caudal lobe of the left lung lacked any exudate on cut surface. Many cerebrocortical sulci were covered by opaque leptomeninges. Examination of the ventral aspect of the distal lumbar spinal cord revealed a 2-cm-diameter clot of cloudy white exudate resting on an 8-cm-long focus of hemorrhage.
Various tissues, including brain, spinal cord, lung, liver, kidney, heart, skeletal muscle, spleen, nasal turbinate, and adrenal gland, were collected, fixed in 10% neutral buffered formalin, and routinely processed for hematoxlyin and eosin (HE) staining. Sections of CNS tissue, including lumbar and cervical spinal cord, medulla, thalamus, and cerebral cortex, revealed a granulomatous to lymphohistiocytic leptomeningitis and ventriculitis with only minor extension into Virchow-Robbins spaces and the adjacent neuropil. Histiocytes were often accompanied by many neutrophils (Fig. 1) , and occasionally a multinucleate giant cell was visible. Sections from the hemorrhagic lumbar focus contained very large numbers of degenerate neutrophils. Oval to round 5-15-mdiameter basophilic organisms with a surrounding clear zone typical of Cryptococcus sp. were discernable in most sections of CNS tissue. Narrow-based budding of these fungi could be seen in some fields (Fig. 2) . Other changes in the CNS included widespread mild vacuolation of white matter and partial occlusion of the central canal of the cervical spinal cord by a granulomatous exudate containing fungal organisms.
A section of lung tissue contained a focus of inflammation containing fungi, many foamy macrophages, and a few multinucleate giant cells, lymphocytes and neutrophils. Microgranulomas centered on fungi were also visible in nearby alveoli. Organisms were also observed in a renal granuloma. Sections from the tan liver lesions proved typical of fatty infiltration. No significant microscopic abnormalities were found in sections of nasal turbinate, heart, spleen, skeletal muscle, or adrenal gland.
Blood agar and chocolate agar plate cultures of the lumbar spinal cord meninges and kidney both yielded an abundant growth of creamy white yeast-like colonies after incubation for 48 hour at 37C. Identification as Cryptococcus sp. was based on colony morphology, Gram-stained appearance of the organisms, and a positive test for urease production. 8 Subculture onto specialized media to confirm the isolate as C. neoformans was not performed.
Cryptococcal meningitis has been diagnosed in New World camelids (NWC) on at least 2 other occasions. 2, 3 The first case was a vicuna in which a concurrent cryptococcal pneumonia was detected at necropsy. 3 Further clinicopathologic details were not given. The second report described an 8-year-old female alpaca with a stiff hind-limb gait and purulent vaginal discharge. Therapeutic measures, including broad-spectrum intravenous antibiotics, were unsuccessful and the animal was euthanatized. No respiratory lesions were identified, but microscopic changes in the brain were similar to those found in the present case. Culture of cerebrospinal fluid (CSF) from the alpaca yielded C. neoformans var. gatti. 2 Renal involvement, as described in the present case, was not identified in either of these reports but has been reported during the necropsy of about 30% of feline cryptococcosis cases. 6 Cryptococcosis in humans typically is diagnosed in debilitated or immunocompromised individuals. 1, 4, 5 Concurrent immune dysfunction is often difficult to document in domestic animals 6 and was not demonstrated in the earlier reports of cryptococcosis in NWC. The llama described here may be considered a geriatric animal, but no clinical confirmation of immune system malfunction was available. No other camelids on the premises developed neurologic disease during the following year.
The respiratory system is believed to be the portal of entry for cryptococci, possibly via inhalation of encapsulated spores found in contaminated soils. 4, 6 Primary foci of infection in the upper or lower respiratory tract may spread via local extension (e.g., cribiform plate to brain) or hematogenous/lymphatic routes. 1, 6 The cell-mediated immune response, especially CD4 ϩ T cells, is critical in determining whether the disease spreads beyond the respiratory system. 4, 5 The CNS is often involved in cases of cryptococcosis, and it has been speculated that this may be related to the ability of pathogenic cryptococci to utilize CNS catecholamines in the production of melanin. 4, 5 Antioxidant properties of melanin may assist the yeast in resisting the host immune defenses. 4 The inflammatory response to cryptococci ranges from nonexistent to granulomatous, but in some instances, a neutrophilic component may be observed. 1 This response is like-ly influenced by the status of the host's immune system as well as certain virulence factors. The thick cryptococcal capsule provides some defense against opsonization and phagocytosis. [4] [5] [6] Cryptococcal capsular polysaccharide can interfere with antigen presentation and cytokine signaling by macrophages. 4, 5 Melanin and mannitol produced by some cryptococci may also provide protection against oxidative injury inflicted by the host leukocytes. 4 Antemortem diagnosis of cryptococcosis in animals is challenging since clinical signs will vary with the organ system targeted. The majority of feline cryptococcal infections present as respiratory problems, while canine cases more frequently involve the ocular and CNS tissues. 6 The 3 NWC cases identified here all presented for neurologic disease, although respiratory involvement was detected at postmortem in 2 animals. A definitive diagnosis of cryptococcosis can be made by identifying the organisms in CSF fluid or in cytologic samples from other infected sites such as the skin or nasal passages. A latex agglutination test to detect cryptococcal capsular antigen in serum or CSF is also available. 6 It is not known if long-term therapy with an appropriate antifungal agent would be an effective treatment for cryptococcosis in NWC. The prognosis for untreated clinical infections is very poor. Public health risks associated with the diagnosis of cryptococcosis are somewhat less than that of certain other dimorphic fungi because C. neoformans is unlikely to aerosolize from sites of infection. 4 However, identification of the environmental source of exposure could prevent primary infection of humans and other animals.
